Organic farmers look to the possibilities of growing neglected crops, such as the spring forms of hulled wheat -einkorn, emmer and spelt -for support in developing the organic farming system. In 2008, 169 landraces from the gene bank at the Crop Research Institute in Prague were tested on certifi ed organic plots. The experiment was aimed at fi nding suitable varieties for the organic farming system. In summary, our fi ndings show that einkorn (Triticum monococcum L.) and emmer wheat [Triticum dicoccum Schrank (Schuebl)] are resistant to powdery mildew and brown rust, spelt wheat (Triticum spelta L.) is less resistant to these two diseases, and the intermediate forms of bread wheat are very sensitive to such infestation. The varieties evaluated incline to lodging, as they have long and weak stems. Einkorn and emmer wheat have short and dense spikes and a low thousand grains weight, whereas spelt wheat has long and lax spikes. The level of the harvest index is low. Potentially useful varieties were found during the fi eld experiment and evaluation, and our future efforts will therefore focus on improving resistance to lodging and increasing the productivity of the spike.
INTRODUCTION
Cereals do not have a share of much more than 50% of the total acreage of organic products; nonetheless they are the most important crops of the organic farming system (Konvalina et al. 2009 ), and animportant activity infl uencing organic farming is to increase the diversity of the species and varieties of agricultural crops in order to minimize negative effects on the environment and to establish the conditions for sustainable development. This diversity may be further increased by the use of hitherto neglected species, such as hulled wheat forms or landraces of the bread wheat.
Einkorn (Triticum monococcum L.) is an old cereal known to have been grown 9 000 years ago, and its use extended to the Balkans and Central Europe in the neolithic period. It has attracted farmers because of such valuable characteristics as resistance to diseases and the quality of its grain, which contains 17.0-22.5% of protein, a good supply of carotenoides and perfect characteristics for the production of biscuits and bakery products without the use of yeast (Frégeau-Reid and Abdel-Aal 2005) .
Emmer wheat [Triticum dicoccum Schrank (Schuebl)] has been traditionally grown and used as a part of the human diet (Marconi and Cubadda 2005) , and as requirements for the diversity and high quality of food products become more demanding, interest in this wheat variety is increasing (Hammer and Perinno 1995) . The grains contain more crude protein than the grains of modern varieties (Marconi et al. 1999) ; wholemeal fl our is a valuable source of dietary fi bre in its insoluble forms, cellulose and hemicellulose, and it contains high quantities of P, Zn, Cu, K, Mg and Mn (Marconi and Cubadda 2005) .
Spelt wheat (Triticum spelta L.) is thought to be an old European cultural wheat, interest in which has been prompted recently by the development of organic farming. It contains more proteins, mineral elements, lipids, fi bre and vitamins than bread wheat and it also has a more suitable composition of amino acids. A breeding process would aim to eliminate the particularly unfavourable characteristics of the spelt, by increasing spike productivity or resistance to lodging (Abdel-Aal and Hucl 2005) . The spelt wheat is a suitable crop for organic farming systems (Moudrý and Dvořáček 1999) .
The landraces and obsolete cultivars of the intermediate forms of bread wheat (Triticum aestivum L.) maintained in the gene bank collection at the Crop Research Institute in Prague (CRI) deserve particular care and attention, and a number of authors -e.g. Gregova et al. (2006) in pointing this out, have also referred us to the high level of proteins contained in the grains -much higher than in the modern wheat varieties. The landraces are not able to compete with the modern bred varieties from the point of view of the yield level, but they have many valuable characteristics, which make them very interesting. They are characterised by high nutritive and dietetic values (Marconi and Cubadda 2005) . They have been selected by the natural and environmental conditions of a particular region (Belay et al. 1995) and thus the material is very well adapted to the domestic environment and conditions and is very modifi able from the point of view of genetics (Hammer et al. 2003) .
The aims of this work are to describe the differences in the agronomic characteristics of the spring forms of the genetic resources of wheat landraces and evaluate their potential for growing in organic farming.
MATERIAL AND METHODS
24 samples of the einkorn landraces, 103 samples of the emmer wheat landraces, 15 spring landraces of the spelt wheat and 27 intermediate forms of the bread wheat were selected from the above mentioned collection in 2008. The selection was infl uenced by their area of origin (similar to the conditions in Central Europe). Two modern varieties -Granny and SW Kadrilj -were included as the check varieties of the bread wheat.
The certifi ed organic trial plot of the CRI is situated in a warm and mid-dry area, with clayloamy soil, at an altitude of 340 m above sea level, with a mean annual temperature of 7.8 °C and a mean annual precipitation of 472 mm (Table 1) . The results of the soil analysis are shown in Table  2 (Mehlich 3 analysis). 173 samples of the abovementioned landraces and varieties were sown on the trial plot (120 of them were sown on plots of 4 m 2 and 53 on plots of 2 m 2 ). The check varieties of the bread wheat were sown on each eleventh trial plot. The sowing was carried out by an Oyjord seed drill. The rows had a standard width of 12.5 cm. The treatment of the crops during the growing season respected the principles of organic farming. Particular characteristics were measured and evaluated during the growing season and post-harvest period according to a methodology developed for the selection and evaluation of the genotypes of the spring forms of well used wheat species suitable for sustainable farming systems ). The methodology is divided into four parts: each respectively focusing on the morphological, biological, economic and quality characteristics.
In this methodology, users fi nd a code, a name, a description and a scale for the evaluation of each characteristic, combined with its importance for the organic farming system. We used a ninedegree scale (9 = no disease infestation noticed) for the evaluation of a powdery mildew and/or brown rust attack. Lodging was measured by the index of lodging which combines the intensity and range of the lodging on a plot (9 = no lodge). The other data are represented by a concrete value. The results were also evaluated with basic statistical methods and the Honestly Signifi cantly Different (HSD) test using the Statistica program. 
RESULTS
The evaluated set of the einkorn includes 24 landraces. The material proved to be more resistant to the powdery mildew and brown rust attack in comparison with spelt or the intermediate forms of bread wheat (Table 8) . Nevertheless, these wheat species inclined to lodging (the index of lodging before harvest was about 8.13); this characteristic was less variable (relative standard deviation = 14.5%).
The selection of material which does not lodge excessively is possible, as 25% of the evaluated landraces did not lodge, shown by the value of the top quartile (Table 3 ). The plants were shorter than the emmer wheat and spelt wheat. The spike productivity was very low. The weight of thousand grains (TGW) was about 26.0 g; the grain weight per spike reached 0.3 g and the number of grains in one fl ower spikelet reached 0.7 in the tested landraces. They had short (4.8 cm at average) and very dense spikes (44.0 of spikelets per 10 cm of the spike length). On the other hand, the check varieties of bread wheat had more lax spikes (21.2 of spikelets per 10 cm of the spike length). They also had a very low harvest index (0.34) and a high proportion of hulls in the yield (29.75%) compared to the emmer wheat landraces (Table 8 ).
The landraces of emmer wheat were the most numerous in the evaluated set (103 landraces).
They were resistant to the tested diseases (powdery mildew and brown rust). However, the results given in Table 4 show that particular landraces of the emmer wheat were less resistant to powdery mildew (because of the mean infestation of 8. 70-8.86 ). However, the major part of the set, expressed by the median, was resistant enough. The results concerning tolerance to brown rust were similar. The landraces of emmer wheat were less resistant to lodging (8.59 after the heading: the minimum of the lodged landraces, and 6.88 before the harvest: a lower level of the resistance to lodging). As the coeffi cient of variation was high, particular landraces were more resistant to lodging than the others. The mean length of plants was 108 cm and the span of the top and lower quartiles was about 100-110 cm. However, it was a relatively stable characteristic (a low level of coeffi cient of variation). The emmer wheat landraces usually had shorter (6.1 cm) and very dense spikes (almost 33 spikelets per 10 cm of the spike length). The weight of grains per spike of emmer wheat plant (0.8 g) reached a half weight of grains in the spikes of the check plant (1.6 g). TGW was also slightly lower. The lower harvest index (0.40 at average and a median of 0.39) was one of the characteristics decreasing the productivity of the emmer wheat. The span of top and lower quartiles was 0.37-0.42. This characteristic is not very variable (relative standard deviation = 12.5%). Therefore, the selection of the material assuring a higher share of grain will be important.
15 landraces of the spelt wheat were evaluated in the trial. Organic farmers are becoming more interested in the growing of spring spelt wheat forms, but information on such forms and on the growing of spring spelt wheat forms under Central European conditions is limited. The evaluated landraces inclined to powdery mildew attack (it was the strongest after the heading stage but after that, the infestation rate reduced (Table 5 ). The resistance of the landraces was characterised by a higher coeffi cient of variation after the heading stage (22.40%). This would allow the selection of more resistant cultivars for growing. The brown rust attack was slighter; there were several samples unaffected within the set of the tested races. The spring spelt wheat forms inclined to lodging; 25% of the landraces had an index of lodging below 5.8 before the harvest stage. There were several samples which did not lodge (Table 5 ). The plants were very long (112.7 cm on average), but 25% of them were longer than 125 cm. The spikes of the spelt wheat plants were very long (11.3 cm) and sparse (there were only 16.6 spikelets per 10 cm of the spike length). The span of the top and lower quartiles was small (14.7-17.7 of the spikelets per 10 cm of the length of spike). The grain weight was almost 1 g per spike and TGW was slightly higher than that of the check bread wheat varieties (42.6 g). The harvest index (0.38) was comparable to the harvest index of the emmer wheat landraces (Table 4) and it was lower than the harvest index of the check bread wheat varieties (Table 7) . The hulls represented 30.67% of the yield.
The intermediate forms of bread wheat landraces (Table 6) were characterised by the lowest resistance to powdery mildew (6.26-7.82) and brown rust (6.63) in comparison with the other evaluated wheat landraces and check bread wheat varieties (Table 8 ). The inclination to lodging (index of lodging = 6.11 before harvest) was a further disadvantage of the intermediate forms of bread wheat varieties, connected with the very long and weak stems of the plants: they were 116.7 cm long on average and they were not fl exible or variable (relative standard deviation = 8.9%). The intermediate forms were also characterised by short (8.84 cm) and more lax spikes (22.2 of the spikelets per 10 cm of the length of spike). The TGW was lower (35.2 g) than that of the check varieties (40.5 g), but the number of grains in the spikelets of the intermediate forms was similar to the number of grains in the spikelets of the check varieties. The intermediate bread wheat forms had a lower harvest index (0.43) than the check varieties, and they were also less variable (relative standard deviation = 7.0%). There was no material, which did not lodge or was resistant to the diseases studied in the set of the evaluated landraces (compared with the other evaluated wheat species). Abbreviations as in Table 3 Abbreviations as in Table 7 . Disease / lodging resistance and plant yield characteristics of the of 2 check varieties of the bread wheat (SW Kadrilj, Granny -5 replications)
Abbreviations as in Table 3 Abbreviations as in Table 3 Evaluated characteristic MS 
DISCUSSION
The intensity of disease infestation is usually lower in the organic farming system than on conventional farms (Lammerts van Bueren 2002). Some authors (e.g. Wolfe et al. 2008 ) explain this by the fact that the tissue of the organically grown plants is riper due to the reduced nitrogenous nutrition. On the other hand, fungicides are forbidden in the organic farming system, and therefore the resistance of the variety plays a crucial role in the protection against diseases. Most of the evaluated landraces of emmer were resistant to powdery mildew and brown rust.
The same results were noted by Frégeau-Reid and Abdel-Aal (2005) and Herrera-Foessel et al. (2005) , who thought that certain landraces of emmer could be les resistant to mildew, whereas the spelt wheat inclines to both diseases. McVey (1990) , Kema and Lange (1992) , and Schmid et al. (1994) , refer to the reduced resistance of the spelt wheat landraces to particular fungal diseases. The intermediate forms of the bread wheat landraces incline to powdery mildew and brown rust attack, as previous studies show ). An increased inclination to lodging was a negative recognition in most of the landraces, but particular samples of the landraces were more resistant to lodging. The length of plants is also connected with the lodging, and also infl uences competitiveness to weeds (Cudney et al. 1991 , Gooding et al. 1993 , Eisele and Köpke 1997 , Müller 1998 . All the evaluated species were very high (on average: einkorn -101 cm, emmer wheat -107 cm, spelt wheat -112 cm, intermediate forms of bread wheat -116 cm, and the check varieties of bread wheat -89 cm). The plants were long enough to be able to compete with weeds, but on the other hand, the long plants were more inclined to lodging (Köpke 2005) . However, the intermediate forms of bread wheat and emmer wheat were particularly inclined to lodging, while the high plants of the spelt wheat were not. Stehno et al. (2008) reported differences in lodging between the landraces; the authors state that the varieties with short and strong down internodes and high number of nodes on the stems are more resistant. Not only the length, but also the width of the stalks is important (Konvalina 2009 ).
Einkorn and emmer wheat have short and very dense spikes, whilst those of spring spelt wheat are very long and lax. The lower weight of grains in their spikes than the weight of grains in the spikes of the check varieties should be compensated for by a higher number of productive stems . The thousand grains weight of the einkorn (26 g at average) and emmer wheat (34.19 g) were the lowest. Frégeau-Reid and Abdel-Aal (2005) refer to the fact that the small grain of the einkorn may cause serious losses during the peeling of the grains. On the other hand, bread wheat has a higher TGW; much like spelt (Marconi and Cubadda 2005 ). The low harvest index level was the main factor limiting the yield level (in comparison with the modern check varieties). The emmer wheat and landraces have a low harvest index in comparison to the bread wheat (Sehnalová 1990 ) and hard wheat (Marconi and Cubbada 2005) . The proportion of hulls varies from 25 to 30% (einkorn, emmer wheat, spelt wheat).
169 wheat landraces were studied and evaluated in these trials in the organic farming system. The trials aimed to show the differences between the landraces and species and different possibilities of use of the landraces in this farming system. The evaluated set of the landraces was varied enough to allow us to select potentially useful strains. In terms of resistance to powdery mildew and brown rust, the einkorn and emmer wheat are the most suitable species of wheat. The spring forms of spelt wheat were attacked by these two diseases to a greater extent. On the other hand, the intermediate forms of bread wheat landraces were the least resistant; and they also inclined to lodging. When considering the effect of the height of plants on the inclination to lodging, it seems that the width of the stems plays a crucial role in the process of the selection of suitable landraces.
With the exception of the spring forms of spelt wheat, the evaluated material establishes yield through the higher number of spikes per area unit, as they have a low TGW. All the evaluated species were characterised by a lower level of harvest index. As this characteristic is less variable and there are not any bred varieties, we should focus preferably on increase in the spike productivity and resistance to lodging, and to a more limited extent on the changes in the distribution of assimilates in the plants (which runs very slowly during the selection process).
The results of our research show that some evaluated landraces may be grown under the organic farming system, especially in marginal areas, where there are worse farming and growing conditions. Farmers may extend the range of the crops grown and the market possibilities and may contribute to sustainable development and use of the genetic plant resources.
